Arabidopsis mutants in short- and medium-chain acyl-CoA oxidase activities accumulate acyl-CoAs and reveal that fatty acid beta-oxidation is essential for embryo development.
The short-chain acyl-CoA oxidase (ACX4) is one of a family of ACX genes that together catalyze the first step of peroxisomal fatty acid beta-oxidation during early, postgerminative growth in oilseed species. Here we have isolated and characterized an Arabidopsis thaliana mutant containing a T-DNA insert in ACX4. In acx4 seedlings, short-chain acyl-CoA oxidase activity was reduced by greater than 98%, whereas medium-chain activity was unchanged from wild type levels. Despite the almost complete loss of short-chain activity, lipid catabolism and seedling growth and establishment were unaltered in the acx4 mutant. However, the acx4 seedlings accumulated high levels (31 mol %) of short-chain acyl-CoAs and showed resistance to 2,4-dichlorophenoxybutyric acid, which is converted to the herbicide and auxin analogue 2,4-dichlorophenoxyacetic acid by beta-oxidation. A mutant in medium-chain length acyl-CoA activity (acx3) (1) shows a similar phenotype to acx4, and we show here that acx3 seedlings accumulate medium-chain length acyl-CoAs (16.4 mol %). The acx3 and acx4 mutants were crossed together, and remarkably, the acx3acx4 double mutants aborted during the first phase of embryo development. We propose that acx3acx4 double mutants are nonviable because they have a complete block in short-chain acyl-CoA oxidase activity. This is the first demonstration of the effects of eliminating (short-chain) beta-oxidation capacity in plants and shows that a functional beta-oxidation cycle is essential in the early stages of embryo development.